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Abstract
Over the last decade a context-based approach has been developed in the Europe and the 
USA and recently trialled in Queensland. In the UK, the context-based approach is both 
rigorous and hugely successful in attracting large numbers of students to study ‘A’ level 
chemistry. The principles of chemistry are taught within the context of socially significant 
issues such as global warming, ozone depletion, sustainability, biotechnology, and 
engineering. The chemistry is presented as needed to inform an understanding of the central 
topics.  Activities are designed along the lines of problem-based learning (PBL) to promote 
critical thinking and risk-benefit analysis as well as an understanding of chemical principles.  
This session will explore some of the issues in generating context-based learning.
Paper presented to the Royal Australian Chemical Institute, Tertiary-Secondary Interface 
Conference, Brisbane, August 2004.  
2Background
Internationally there are serious concerns with the state of chemistry education (Gilbert, De Jong, 
Justi, Treagust, & Van Driel, 2002). Enrolments in chemistry, one of the enabling sciences, are 
in decline in the upper years of school with serious implications for social and economic 
development.  The relevance of chemistry and its appeal to students is of major research focus.  
Although considerable research has been undertaken on describing the learning of chemistry, 
less emphasis on the teaching of chemistry has meant that we know much about what we should 
be doing but little about how to do it. One review of the literature has singled out three features 
that impact on the way chemistry curricula are being implemented (Westbroek, Klaassen, Bulte, 
& Pilot, 2003).  These three features affect motivation, connectedness of ideas and climate of the 
classroom.  
The first feature that impacts on motivation has been described as the ‘rhetoric of conclusions’ as 
the reduction over time of chemistry education to a presentation of selected results of chemical 
research (Schwab, 1982).  This approach leads to alienation and a lack of sense of direction of 
students. In school chemistry, were ideas and models and theories are introduced ‘as such’ and 
without a clear purpose, it is impossible for students to have even a remote idea of ‘what comes 
next’.
The second feature concerns inconsistencies of content. Two related types of inconsistencies can 
be distinguished: on the level of concepts and on the level of curriculum emphases. De Vos and 
Pilot (2001) describe an inconsistent ‘layer-like structure’ of school chemistry, which leads to 
inconsistent meanings of concepts. Roberts describes inconsistencies on the level of ‘implicit 
shifts between different curriculum emphases’, which lead to inconsistent messages about the 
purpose of learning certain content (Roberts, 1982, 1988, 1995). This lack of consistency makes 
for learning that is fragmented and ideas unconnected with other ideas.
A third feature relates to the climate or culture of the classroom.  Lemke (1990) has claimed that 
teaching is dominated by didactic approaches where the central focus of dialogue is the teacher. 
Discussions mostly emanate from the teacher who addresses the assembly of the whole class 
without any recognition of individual differences.  Interaction is based on what he called ‘triadic 
dialogue structure’ involving the teacher asking questions, a student responding and the teacher 
acknowledging the response.  This didactic approach prevents students from asking questions, 
devising learning strategies and seeking meaning in ways which could indicate self-directed 
learning or autonomy.  
These features are not unique to Chemistry Education. In other domains a trend is already 
apparent that has emphasised authentic experiences as essential in learning. Indeed, assumption 
about constructivist learning environments recognise the need for student-centredness, relevance 
of tasks and student voice.  A response to address these features is the context-based approach. 
3Context Based Chemistry 
When confronted with a problem, people need to have knowledge to solve that problem. If they 
cannot automatically solve the problem they seek the knowledge they need. Thus knowledge is 
constructed for a certain purpose. The decision to seek knowledge is influenced by motivation 
and outcome expectancy. Motivation is one of the key attributes or features that govern the 
learning process. Substantial research on cognition and learning also shows that the context in 
which learning occurs is important – situated cognition (Brown, 1989).  Hence strong arguments 
emerging in a number of fields have argued that learning should occur in context. This is the 
fundamental argument for the widely adopted practice of problem-based learning (Gijselaers, 
1996).
Context has become a hot issue in modern educational science but unfortunately has multiple 
meanings (Van Oers, 1998).  One idea, favoured by the Dutch in their approach to teaching 
science is to actively involve learners in a communal practice that forms an appropriate context 
for some set of concepts to be learned (Bulte, Westbroek, Van Rens, & Pilot, 2004).  Van Oers 
argues that the idea that all kinds of learning processes in any situation can be accounted for by 
one limited general set of laws or mechanisms, has been replaced by a view on learning that 
acknowledges the importance of the content of learning, as well as the nature of the learning 
situation. Domain specificity and situatedness are now generally recognised as major parameters 
of any theory of learning.
In authentic practice, people need to solve a certain problem, and that problem requires certain 
actions. If we consider the context of chemistry in the world of science and in the science 
classroom we see distinctive differences (Table 1). 
4Table 1 
The context of science within and beyond the school classroom. 
School Science World Science 
The rewards and acknowledgment are given for 
the retention of “facts”. 
The rewards in science emerge from the search for 
understanding. 
Problems are well defined  Problems are ill-defined and identified by 
practitioners – problem identification is as 
important as problem solution 
Focus is on communicating content, facts or on 
testing established theories 
Focus is on finding out the unknown or generating 
theory 
Information is provided by an authority Information is gleaned from multiple sources 
There is assumed to be a right answer to a 
problem (failures are attributed to methodology) 
Failure is important as an outcome of testing a 
theory – experience is the greatest teacher. 
Science content is discrete based on technical 
rationality with systems being considered in 
isolation or clustered as traditional disciplines 
Content is integrated and wholistic.  Social, 
economic and ethical issues are significant 
considerations with reliance on skills of persuasion 
and argument 
Excellence adopts an individualistic focus, is 
competitive, and normative  
Excellence focuses on group achievements, 
teamwork, collaboration, and productivity  
School science occurs for 40-70 mins per day Science permeates the whole life of the person 
The discourse is orchestrated by stimulus-
response dialogue and questioning – the Ten 
Commandments View or Triadic Dialogue – 
Question-Answer-Evaluation
The discourse is around argumentation, and 
reasoning from evidence.  Often involves long 
running debate and dissention. 
Extrinsic motivation, rewards as grades Intrinsic motivation, joy of discovery, social status 
School science is isolated and remote from any context that exemplified authentic chemical 
practices. School chemistry is convergent.  To engage students actively in learning it is necessary 
to find situations (‘contexts’) that are meaningful for the pupils, and self-evident as to what is to 
be done in that situation.  Bulte et al. (2004) argue that reformed chemistry teaching requires the 
establishment of situation or context in which students see the point of what is being taught and 
have a motive to extend their knowledge in a certain direction at every step in the teaching and 
learning process. Context is more however than just a situation but from an socio cultural 
perspective (Vygotsky, 1978) functions in terms of dynamical features of activity systems and 
the embedded process of emergence of meanings.
There are several approaches to context-based teaching of chemistry which all are designed on a 
‘need to know’ basis. These courses are a problem posing approach for Meaningful Chemistry
modules in The Netherlands, Chemie im Kontext in Germany, Salters Advanced Chemistry in the 
UK and ChemCom in the US. A brief overview of the models is provided in Table 2.  
5Table 2 
Models of context-based chemistry 
 The way students are lead through the ‘context’ 
Meaningful chemistry 
education
(The Netherlands) 
Students become more and more involved in a ‘practice’ (= context) in which 
the learning of certain concepts becomes meaningful 
Chemie im Kontext 
(Germany)  
From an introduction, and based on their prior knowledge, students develop 
questions, plan and elaborate what should be explored to understand the topic. 
Salters Advanced 
Chemistry (UK) 
Chemical storylines, e.g. “Medicines by Design”, “Aspects of Agriculture” 
provide the backbone of the course. 
ChemCom (US ACS) Attempts to enhance science literacy by emphasizing chemistry’s impact on 
society. It is aimed at the student who will become a citizen but not necessarily 
a scientist in a technological society.
Meaningful Chemistry 
A team of Dutch teachers and researchers have developed a number of modules built around a 
problem posting approach (Bulte et al., 2004).  The driving questions underpinning this 
curriculum are: Do students experience the connection between the context and their learning of 
chemistry? And do students experience a need to know? Three aspects of meaningfulness are 
addressed:
1. The use of socially relevant contexts, to motivate students. 
2. The introduction of chemical content on a like-to-know and need-to-know basis, such 
that students constantly experience the relevance of what they are doing. 
3. The use of interactions between teacher and students in which students’ input really 
matters, and their involvement increases. 
The rational for this program is described by (Lijnse & Klaassen, 2004) 
As far as cognitive learning is concerned, we think it best to think of science learning as a 
process in which students, by drawing on their existing conceptual resources, experiential 
base and belief system, come to add to those (with accompanying changes of meaning).  
What we think needs to be added to this picture, as a second starting point, is that if this 
process is to make sense to them, students must also be made to want to add to those. Or, in 
other words, students should at any time during the process of teaching and learning see the 
point of what they are doing. 
The ‘rhetoric of conclusions’ feature can be avoided, when the emphasis is shifted from ‘getting 
an overview of the conceptual products of chemistry’ to the ‘functionality of concepts in relation 
to a certain relevant, recognisable context’. Addressing students’ questions on a need-to-know 
basis, which also implies building properly on pre-knowledge of students, provides for an 
increasing involvement of students in the teaching-learning process as they will see the point of 
what they learn every step of the way. Students will get more insight in and will experience the 
functionality of ‘what comes next’, as a result of such a need-to-know approach. As another 
result the teacher will have more opportunity to pay real attention to their input, which now 
could become a driving force of the content related progression. Consequently, students will feel 
that their input matters. 
6The exemplary module 
Lijnse and Klaassen, K. (2004) have described the problem posing approach through an 
exemplary module that is based on analysing water quality. In the world of science authentic 
practice involves analysts who evaluate the quality of water according to standard test 
procedures. For example, they are persuaded by questions such as: “according to the mandated 
protocol is the quality of drinking water good enough, does the product water meet the criteria? 
Characteristic for this practice is that there exists a standard protocol for testing (procedure), that 
it is about water quality (issue), and that a judgement must be formulated based upon the 
standard protocol (problem that needs to be solved). The context of authentic practice is clearly 
different to what might happen in a classroom where instructional practices have to 
accommodate a number of features related to neophytes (Table 3). 
Table 3 
Relationship between authentic practice and instructional practice 
Authentic Practice Instructional Practice 
Professionals know their procedure and they have
knowledge about the issue that is involved.  
Students need to recognise the problems of a 
practice.
Professionals know what standard parameters must 
be tested for water with a certain function, they 
know about reliability, the standard tests, the 
criteria.
Students need to know about legal norms and 
parameters and to develop further notions about a 
standard test protocol, they need to learn when test 
results are reliable enough to be conclusive. 
Professionals recognise the characteristic problems 
and have an overview of the problem area. 
Students must find out what standard criteria 
should be met, how to measure and how to draw a 
conclusion.
Professionals recognise the sense of direction for 
their actions connected to the problem they need to 
resolve.
The sequence of teaching and learning activities 
must provide the students with direction. 
The following design process provides an overview of how students would be scaffolded through 
this problem.  
Phase 1. Introductory Case Problem: ‘is this water sample good enough for drinking water’? The 
teacher orients the students by a series of questions and discussion on how and why one might 
answer this question.  The students’ role in solving the problem is established and students 
become progressively oriented to the procedures needed.  
Phase 2. By focusing on the case problem (e.g.: does this water sample meet the criteria for 
drinking water?), students are expected to apply their common sense notions about the procedure 
and about the issue: ‘We do not know what is in the water, but it should be clear and healthy to 
drink. We should test the water but need more specific knowledge about what is precisely tested 
before we can resolve this problem’. 
Phase 3. This phase is the most extensive learning phase, and is characterised by cycles of 
progressive extension of specific issue knowledge and specific procedural knowledge until the 
exemplary case is solved and the procedure completed: 
71. Identify what function the product has, and relate this to the (legal) criteria: what is 
allowed in the product? How much is allowed? 
2. Test the sample: What is in the product? How much of it? 
3. Compare test results with the (legal) criteria 
4. Deal with insecurities: is the list of (legal) criteria valid, and are the test results 
reproducible? 
5. Judge the quality of the product: does it meet the requirements related to the function of 
the product? 
In this phase students extent their knowledge but they might have their uncertainties about the 
test results, which refer to their laboratory work and to the accuracy of the test results. The 
expectation is that now they have a motive for using the procedure to solve the other exemplary 
cases of the orientation phases.   
Phase 4. By subsequently referring back to the orientation phase, in which other water quality 
problems need resolution, students can make the procedure they have used and gradually refined 
for the solution of the exemplary problem operational for planning how to solve other practice 
related problems. In this phase students are asked if they, looking back, indeed have found it 
worthwhile to learn about this practice.  
The general framework 
We now formulate some general conditions under which mimicking an existing authentic 
practice seems appropriate in the sense of motivating students and providing them with a general 
sense of purpose.
a. Students appreciate the characteristic goals associated with the case, 
b. The operational procedure can be expressed by students in common sense notions,
c. Students appreciate the broad outlines, though not in the necessary details of the task. 
The following five teaching and learning phases provide useful guidelines for the design.
Phase 1: During a broad orientation on the practice, students start to recognise typical problems 
that are posed in such a practice. They formulate common sense notions about the characteristic 
procedure of the practice that typically leads to solutions to these problems.
Phase 2: By a first analysis of the exemplary problem, their pre-knowledge concerning the issue 
(condition c) and their common sense (intuitive) notions concerning a characteristic procedure 
(condition b) are expressed and used. Students realise that for solving this case, their issue 
knowledge is not sufficient. That is, they realise that they need to have more detailed issue 
knowledge.
Phase 3: Students proceed through the steps of the procedure working toward a solution of the 
exemplary problem, whilst extending the relevant knowledge, and when necessary, also refining 
steps of the procedure, until a satisfactory procedure is reached, and a solution for the problem 
can be presented.
8Phase 4: Students realise that for solving practice related problems similar to the exemplary 
problem, they need to express the necessary steps of the procedure.
Phase 1: orienting and evoking a global interest in and motive for a study of the topic at hand. 
Phase 2: narrowing down this global motive to a content-specific need for more knowledge. 
Phase 3: extending the students’ existing knowledge, in view of the global motive and the more 
specifically formulated knowledge need. 
Phase 4: applying this knowledge in situations the knowledge was extended for. 
Phase 5: creating, by reflecting on the developed knowledge, a need for a theoretical orientation
Phase 6: developing within this orientation further theoretical knowledge. Phase 6: developing a 
(still contextualised) metacognitive tool for an improved performance of this skill. 
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Chemie im Kontext 
“Chemie im Kontext CHiK” considers theories of situated learning in trying to bridge the gap 
between daily-life phenomena and real-life questions on the one hand and models and theories of 
chemistry on the other. These theories point out the importance of the learning situation for the 
development of conceptual understanding and conceptual change. Results from the research on 
learning indicate that: 
9x Each individual pupil constructs his or her own knowledge,
x Knowledge is always situated, and thus learning should also be situated.
x Situated knowledge is authentic because it is application-oriented.  
The course is developed around defined topics with clear relationships to the environment. CHik 
shows the “Sinnhaftigkeit” of the occupation with chemistry and their meaning with specialised 
questions.
Examples of contexts can be: 
x Alcohol - for drinking much too harm? 
x A Vorkoster in emergency 
x Alternative fuels 
x Oceans and the greenhouse effect 
x Breathing under extreme conditions 
x Computer recycling 
x Biologically degradable plastics 
x Gas powered cars – cars of the future 
x Everyday chemistry vs systematics 
x Latent heat storage in application
Students are still required to learn basic concepts in order to solve the contextual problems. The 
basic concepts are organised around: 
x Stoff-Teilchen 
x Structure characteristic relations 
x Donor acceptor 
x Energy and entropy 
x Chemical equilibrium 
These basic concepts emerge again and again with most diverse contexts.  
The instructional design involves the following four phases: 
1. Meeting phase, -
o pupils are familiarised with the topic or issues 
2. Curiosity and planning phase,
o Students are encouraged to question,
o Everyday life-referred and specialised chemical aspects are considered.  
o The pupil questions are collected. 
3. Development phase,  
o pupils solve aspects of problem and their questions as independently as possible. 
4. Recess and cross-linking phase (making connections) 
o vertical linkages with contents from the preceding instruction,  
o horizontal linkages with concepts generated within the contexts 
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o cross-linkings into other disciplines for instance biology, physics, ethics or 
economics. 
The Salters’ approach 
This curriculum was written in order to make chemistry learning be more relevant to students’ 
interests and everyday lives, and would involve them in a wide range of activities in which they 
could actively engage. The aim was that ‘the ideas and concepts selected, and the contexts within 
which they are studied, should enhance young people’s appreciation of how chemistry 
contributes to their lives or helps them to acquire a better understanding of the natural 
environment’ (Campbell et al., 1994, p418-419).  Stories of how chemistry is used in the world 
feature strongly in this course.
The need-to-know approach is addressed as follows: the unfolding of the story line would, in a 
natural way, provide for motives at certain points to get a deeper insight in scientific ideas and 
concepts. Or at least, the continuing story would provide for a context in which the concepts and 
ideas have a clear role and function (and therefore: meaning). In other words, students would 
experience a need for relevant scientific concepts and ideas to be able to ‘follow’ the story line, 
or would at least experience the functionality of the concepts and ideas in the light of the story 
line.
Salters’ approach is structured around 13 teaching units. Each unit has three essential parts:  
1. Storyline provides an interesting context within which chemical ideas are developed 
2. The chemical ideas section explains major chemical principles essential to an 
understanding of the storyline 
3. The activities are many kinds including laboratory work, group exercise, data analysis 
and information technology.  
The course also includes and individual investigation where students plan, research and carry out 
an extended practical investigation. 
ChemCom
The American Chemical Society initiated the development of ChemCom in the 1980s. The 
course features a number of key questions that address issues of relevance to a community, 
which may be local, workplace, national, or global. ChemCom aims to motivate students to seek 
skills to acquire technical knowledge to make intelligent decisions for themselves and for the 
communities in which they belong.  The key modules include: 
1. Supplying Our Water Needs  
2. Conserving Chemical Resources  
3. Petroleum:To Build ? To Burn?  
4. Understanding Food
5. Nuclear Chemistry in Our World  
6. Chemistry,Air and Climate  
7. Health :Your Risks and Choices  
8.The Chemical Industry:Promise and Challenge  
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Project Based Chemisty 
This course has been developed through a consortium of the University of Michigan and the 
University of Chicago in collaboration with local Detroit school district. The authors refer to ideas 
like: active construction, situated cognition, community, and discourse. The idea is that through 
inquiry students engage in investigations from which they learn scientific processes and how these 
processes work to generate new information. It is thought that this approach stimulates the ‘active 
involvement’ of students in the process of knowledge development and provides room and 
opportunity for students’ own interests and questions (Krajcik, Marx, Blumenfeld, Soloway, &  
Fishman, 2000). Evidence suggests considerable variablility in teachers in the effectiveness of 
the program but that in the hands of some teachers urban middle school students effectively 
learned from an inquiry-based science curriculum supported by technology.
Context is created through the use of driving question, based on real world experience, and the 
use of anchoring events, which expose students to phenomena under study. 
x National standards (AAAS, 1993; NRC, 1996) specify the sequence and substance of 
science concepts, specialised language, and practices and methods for asking 
questions, solving problems and analyzing data. Standards also claim how to help 
learners understand the nature of science, advocating a pedagogical approach that 
promotes the active construction of knowledge. 
x Inquiry allows students to ask questions, plan experiments, and collect, analyze and 
share information. Inquiry also allows students to experience scientific phenomena 
and processes and to create new information. 
x Collaboration and student discourse is fostered within the learning community. 
Students are encouraged to work in groups, discuss their investigations, share their 
knowledge, and create group presentations. 
x Learning tools are used by students to support various aspects of inquiry. Learning 
technologies within the projects mirror those used by scientists, but are designed with 
learners in mind (Jackson, Krajcik, & Soloway, 1999; Krajcik, Blumenfeld, Marx, & 
Soloway, in press). 
x Artifacts are created as students conduct investigations. Students create artefacts that 
can be shared, critiqued, and revised to further enhance understanding and serve as a 
basis for assessment. 
x Scaffolds are designed to help guide learning as students are introduced to science 
concepts and processes. Teachers sequence, model, coach, and give feedback. 
Learning materials reduce complexity and highlight concepts and inquiry strategies. 
Technology provides multiple representations, hides complexity, and guides 
processes.
A final program of interest is PRISM - the Problems and Research to Integrate Science and 
Mathematics program based at Emory University in the US.  Prism's collaborative teams of 
middle and high school teachers, graduate students, and undergraduates work together 
throughout the year to develop problems and cases to implement in the classroom. Using 
teamwork and self-directed learning, precollege students are immersed in real world problems 
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through which they are expected to develop life-long problem solving strategies based on asking 
appropriate questions, uncovering answers through investigation, and sharing knowledge with 
peers. The strategies are based on p-based learning (PBL) and investigative case based learning 
(ICBL) challenge students to learn by asking them to apply curriculum materials to real-world 
problems such as follows:   
x Spring Break Gone Wild!!! Four students trapped in a cave and running out of 
breathable air. 
x Signed With a Kiss A girl discovers her boyfriend is cheating, but with whom? 
x Metal Mania A rare bronze Buddha statue is stolen, and a student discovers a 
strange blue solution at the factory where he works. 
x The Prom, the Party, the Problem The day after the pool party, Shawn's hair starts 
to fall out in clumps. Why did he waste that money at the salon? 
Summary
Context based chemistry courses although distributed world wide draw upon some common 
assumptions.  These include that learning is situated, motivation to learn is driven by the perceived 
interest and relevance of the task at hand, that content is cohesive and linked to situations, and that a 
culture of inquiry or even scientific literacy exists in the classroom.  Motivation is regularly cited by 
advocates of the context-based approach. However, the importance of returning to concepts at 
different points in a course is also seen as a strong feature of context-based approaches. 
Bennett and Holman (2002) argue that a “truly context based” approach would involve the designers 
identifying situations or contexts that were closest to students’ immediate lives. Having identified the 
appropriate contexts the designer identified the science content that students need in order to make 
scientific sense of the situation.   
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